Two-dimensional changes of the redox level of NADH were measured by fluores cence photography with the aid of computer-processing in cross sections of rat brain that had been frozen in situ in liquid nitrogen.
Two-dimensional changes of the redox level of NADH were measured by fluores cence photography with the aid of computer-processing in cross sections of rat brain that had been frozen in situ in liquid nitrogen.
Structure-related heterogeneity was noted in the distribution of the redox level in normal brain of conscious rats. Using 2-deoxy-[14C]glucose autoradiography, the area showing relatively high NADH fluorescence was found to be the area of high glucose utilization.
Quantitatively, however, the fluorescence intensity did not parallel the rate of glucose uptake.
Increase of NADH fluorescence was observed specifically in the nucleus cau datus putamen and the thalamus when the rats were anesthetized with pentobarbital.
Chemical determination of the NADH content was also performed simultaneously, and the results were consistent with those obtained by fluorescence photography.
Because of the functional heterogeneity of the brain, space-dependent measurements are crucial in determining the correlation of energy metabo lism with functional neural activity. The 2-dexoy-
[14C]glucose method (1) has been most widely used for this purpose. The area showing a higher glucose uptake is the area where energy metabo lism is active, in other words, where nervous functional activity is high. The topographic representation technique for measurement of ATP (2) and pH (3) have also been developed. A link between metabolism and function was suggested earlier through the concept of respiratory control demonstrated in isolated mitochondria by Lardy and Wellman (4) and Chance and Williams (5) . The correlation of the redox state with electrical activity of the brain was investigated by Mayevsky et al. by monitoring the fluorescence of the brain surface of unanesthetized rats (6) . The method of NADH fluorescence photography was developed by Chance and coworkers (7, 8) . This method clearly demonstrated two-dimensional changes of redox level in the cerebral cortex. Welsh et al. applied this technique to cross sec tions of frozen brain to determine the effect of ischernia on regional metabolic changes (9) (10) (11) Optical Density Measurement of Negative Film and Computer Processed Three-Dimensional Representation-In the photographic process, the intensity of the light, the number of photons , is converted to the density in the developed negative film, which is a function of the exposure, product of incident light energy flux times duration.
Here , there is the condition that the light intensity is equivalent to the duration.
Under the suitable conditions which we employed , the density was ventralis.
The absolute values of glucose uptake of those area are given in Table 11 . Thus, the distributions of glucose uptake and NADH fluo rescence intensity were not identical to each other. Brain was frozen at appropriate intervals after decapitation.
Photographs were taken from the corre sponding cross section.
Each circle represents the value obtained in a different rat brain.
Films were placed in the cell compartment of the spectrophotome ter at right angles to the light beam and apparent optical density (log I0/I), was recorded.
Optical density was the mean for the cortex and nucleus caudatus putamen. I, transmitted light; I, incident light. REDOX  STATE  IN RAT BRAIN  219   The  NADH  contents  in  cerebral  cortex,  nuclues   caudatus  putamen,  and  nucleus  anterior  hypo   thalami  were  compared  between  anesthetized  and non-anesthetized rats (Table  I) . The rate of glucose uptake was also given in Table  11 . Values are given in nmol/g and mean S.E. The data were the mean of 5 and 3 rats for control and pentobarbital anesthesia, respectively. It is remarkable, but puzzling, that on pento barbital anesthesia in normoxia fluorescence increase occurred specifically in the nucleus caudatus putamen and thalamus, because the former is concerned with associated movements and the latter with sensation.
ANALYSIS OF NADH
The possibility of anoxia due to decrease in cerebral blood flow is incon sistent with the finding of Siesjo et al. (18, 19) that the ATP and creatine phosphate concentra tions in the brain did not decrease in anesthesia. An alternative explanation is as follows: During state 3-state 4 transition of mitochondria, the respiration rate decreases, with a shift of the redox state of NADH/NAD towards reduction under aerobic conditions (5, 20) . Based on this idea, the results in Fig. 5 The tissue NADH/NAD ratio is regulated by several factors such as intracellular oxygen con centration, respiratory rate, and glycolytic flux (20) (21) (22) . The energy state of the tissue, phosphate potential (ATP/ADP Pi), is also the major deter minant for the redox state (22) . Thus, the factors determining the redox level of NADH/NAD differ in different areas, and therefore the mechanism of NADH reduction in Fig. 8 may differ from that in normal conditions, especially in cerebral cortex in Fig. 4 by using an internal standard.
As the redox level of NADH/NAD is a com plex function of the tissue metabolism, simul taneous measurement by computer-assisted NADH fluorescence photography and autoradiography of 2-deoxy-[11C]giucose will provide quantitative information about the energy state and regulation of energy metabolism in relation to neural activity in the brain. However, there are some difficulties upon processing the autoradiography. Exposure requires an extremely long period (usually a month), where we must test the linearity between the density and absolute counts. Autoradiograms show very rough distribution in the density, which generates large noise during the optical scanning. Thus, we must employ a different type of proces sing than that used for the fluorescence photographs. The details of the three-dimensional analysis of the autoradiographs of 2-deoxy[1aC]-glucose and [14C]antipyrine will be given in the near future; the latter is the indicator for local blood flow (23). The method employed here could be used for mapping the redox states of various cytochromes by taking reflectance photographs under illumination with monochromatic light at a specific wavelength for the cytochrome. A highly sensitive TV-camera combined with computer-assisted image processing is now com mercially available, and could be used to follow three-dimensional metabolic changes occurring in situ.
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